This study aimed to evaluate the effect of strobilurin (pyraclostrobin) + triazole (epoxiconazole) fungicides application on the proximate composition of soybeans. Six treatments of varying numbers of fungicide applications following soybean germination, termed T1 (control), T2, T3, T4, T5, and T6, were assessed for this experiment. Based on the results, there were only minor differences in the proximate composition of soybeans in terms of moisture, ash, crude protein, and total lipid contents. In contrast, there were large effects on the contents of phenolic compounds and the levels of phytosterols and tocopherols, which varied greatly among the fungicide application treatments. Multivariate statistical analysis was applied to identify critical issues regarding the potential for the production of soybeans enriched in phenolic compounds, tocopherols, and essential fatty acids (α-linolenic and linoleic acids, representatives of the omega-3 and omega-6 families, respectively) associated with the number of sprayings applied during the development of soybean crops.
Introduction
Soy (Glycine max (L.) Merrill) is a vegetable originating from Asia, distributed around the world and it has an important economic role. Soybean is frequently used to prepare foodstuffs because of its protein and fat content. 1, 2 Phytosterols and sterols are bioactives components present in vegetables. They are alcohols with 28 and 29 carbon atoms, similar structure and function of cholesterol. These compounds are responsible for regulating the fluidity and permeability of mammals membranes cells, thus as cholesterol. 2, 3 Two hundred kinds of phytosterols are present in vegetables; β-sitosterol (24-α-ethylcholesterol), campesterol (24-α-mathylcholesterol), and stigmasterol (∆ 22 , 24-α-ethylcholesterol) are the most abundant. 4, 5 Tocopherol is a natural component present in vegetable products and it has antioxidant activity against reactive oxygen species (ROS) and it can offer health benefits against the development of chronic diseases. 6, 7 Thus, phytosterols and tocopherols compounds have important function on antioxidant, anti-inflammatory, antitumor, and enhanced immunity action, together with other biological activities. 8 Acids as α-linolenic (LNA) and linoleic (LA) are present in soybeans and they are essential to human health. Fatty acids omega-3 (n-3) are essential to keep growth and normal development and help in the prevention and treatment of cardiovascular, inflammatory and autoimmune diseases. 9, 10 In the opposite situation, the excess intake of fatty acids omega-6 (n-6) and high values of n-6/n-3 ratio increase risk for development of heart diseases. 10, 11 Principal component analysis (PCA) is a multivariate analyses and it is useful to summarize the variability of a complex data, reducing the variation into an easily comprehensible form. Variables of greatest importance on the formation of each component can be determined. [12] [13] [14] [15] Fungicides are used to administer fungal ill organisms on growing crops, or used like a post-harvest treatment to avoid fungi or molds causing food to rot during storage or transport. 16 However, these products have potential to transfer risk for human health. 17 Thus, this study aimed to evaluate the nutrient composition, including the essential fatty acid, phytosterol, and tocopherol contents, as well as the antioxidant capacity, of soybeans following the application of fungicide with various spraying periods and considering the importance of those nutrients.
Experimental

Design
The experiment was conducted, for the 2012/13 harvest, at Londrina State University (UEL), located in the municipality of Londrina, Paraná, Brazil, at 23°19'40. The fungicide application was realized in six different times, where the first time was sample control, and others applications were decreased gradually ( Table 1) . The fungicide applied was a commercial mixture of strobilurin (pyraclostrobin) + triazole (epoxiconazole), applied at a dose of 500 mL ha −1 per 200 L ha −1 mix volume and supplemented with mineral oil as the vehicle, at the same dose as the fungicide.
Proximate composition
The ash, moisture, and crude protein content of soybean were determined as described by Cunniff, 18 and the total lipid (TL) content was determined according to Bligh and Dyer. 19 
Atherogenicity index (AI) and thrombogenicity index (TI)
The atherogenicity index (AI, equation 1) and the thrombogenicity index (TI, equation 2) linked to the fatty acid composition (13 fatty acids) were obtained by:
where A, C, D, E, F, and G = 1; B = 4; H, I, and M = 0.5; N = 3. 20, 21 ; 12:0, 14:0, 16:0, 18:0, and 18:1 are acids lauric, miristic, palmitic, estearic and oleic, respectively; and MUFA, PUFA, n-3 and n-6 are fatty acids monounsaturated, polyunsaturated, omega-3 and omega-6, respectively.
Fatty acid analysis
Fatty acid methyl esters (FAME) were prepared by methylation of total lipids, according to Joseph and Ackman. 22 Methyl esters were separated by gas chromatography using a Trace Ultra GC 3300 (Thermo Scientific, Waltham, MA, USA) equipped with a flame ionization and cyanopropyl capillary column CP 7420 (100 m × 0.25 mm i.d., 0.25 μm film thickness; Varian, Palo Alto, CA, USA). The gas flow rates were 1.2 mL min -1 carrier gas (H 2 ), 30 mL min -1 make-up gas (N 2 ) and 35 and 350 mL min -1 for the flame gases (H 2 and synthetic air, respectively). The sample splitting rate was 1:80, and the samples (2 μL) were injected in triplicate. The operational parameters were as follows: detector and injection port temperatures of 240 °C, column temperature of 185 °C for 7.5 min, programmed to increase at 4 °C min -1 until 235 °C and maintain at this temperature for 1.5 min. The peak areas were determined using ChromQuest 5.0 software (Thermo Scientific, Waltham, MA, USA). For fatty acid identification, the retention times were compared to those of standard methyl esters. Quantification (in mg fatty acid g -1 of total lipids) was performed using tricosanoic acid methyl ester as internal standard (23:0), and theoretical flame ionization detector (FID) correction factors were applied to obtain concentrations. 23 Fatty acid contents were calculated in mg g -1 of total lipids using equation 3:
where FA is the mg of fatty acids per g of total lipids; A X is the peak area (fatty acids); A IS is the peak area of the internal standard (IS) methyl ester of tricosanoic acid (23:0); W IS is the IS weight added to the sample (in mg); W X is the sample weight (in mg); CF X is the theoretical correction factor; and CF AE is the conversion factor required to express the results in mass of fatty acids rather than mass of methyl esters.
Phenolic compounds
The total phenolic compounds (TPCs) of soybean extracts were analyzed using the Folin-Ciocalteu reagent. 24 The extract solutions (250 μL) were mixed with 250 μL of the Folin-Ciocalteu reagent (diluted in distilled water, 1:1 v/v), 500 μL of a sodium carbonate-saturated solution and 4 mL of distilled water. After 25 min of rest, the mixture was centrifuged for 10 min at 3,000 rpm (1,638 × g), and the absorbance at 725 nm was measured on a spectrophotometer (Genesys 10 uv, Thermo Scientific, Waltham, MA, USA). Methanolic solutions of known gallic acid concentrations in the range of 0-250 mg L −1 were used for calibration. The results were expressed as mg gallic acid equivalents (GAE) 100 g −1 fresh weight (FW) using the calibration curve (equation 4):
Tocopherol and phytosterol analysis Phytosterols and tocopherols were assessed by the saponification of 50-100 mg of extracted oil. 20 The saponification was started with 1.0 mL of 1 mol L −1 KOH in ethanol. The resulting mixture was heated to 70 ºC for 50 min in a water bath. The unsaponifiable fraction was extracted with 1.0 mL of distilled water and 5.0 mL of n-heptane by liquid-liquid partitioning. This extraction procedure was repeated two additional times. The aqueous fraction was discarded, leaving only the organic fraction. All of the organic fractions were pooled, and approximately two spatulas of anhydrous sodium sulfate were added to this solution to remove the residue of remaining water. Soon after, the organic extracts were transferred to an amber flask for subsequent chromatographic analyses. The various phytosterols and tocopherols were identified by comparing the sample retention times with those of standards.
The percentages (m/m, %) of phytosterols and tocopherols were determined using a Thermo Trace CG ultra gas chromatograph and ChromQuest 5.0 software (Thermo Scientific, Waltham, MA, USA), equipped with a programmed temperature vaporizing (PTV) injector and a TriPlus auto sampler (Thermo Scientific, Waltham, MA, USA). A 5%-phenyl fused-silica capillary column (10 m × 0.32 mm i.d., 0.1 μm film thickness) was connected to an uncoated, deactivated 5 m × 0.53 mm i.d. fused-silica precolumn with a press-tight fitting. The column was maintained at 50 °C for 1 min, followed by heating at a rate of 15 °C min −1 to 180 °C, followed by a rate of 7 °C min −1 to 230 °C, followed by a rate of 30 °C min −1 to 370 °C, and maintained at 370 °C for 8 min. The injector was maintained at 600 °C for 1 min, followed by a heating rate of 14.5 °C min −1 to 370 °C, which was maintained for 30 min. The detector temperature was set at 370 °C. The flow rates for the carrier (H 2 ), auxiliary (N 2 ), and detector flame (H 2 and synthetic air) gases were 1.2, 30, 35, and 350 mL min −1 , respectively.
Antioxidant capacity analysis by L-ORAC FL and H-ORAC FL
The lipophilic (L) and hydrophilic (H) extracts analyzed for oxygen radical absorbance capacity (ORAC) were obtained according to Wu et al. 25 Briefly, grains were crushed, homogenized, and sieved through an 80-mesh screen. Then, 0.5 ± 0.05 g of sample were weighed, extracted with 10.0 mL of hexane, sonicated for 5 min at 37 °C, and centrifuged for 10 min at 4,000 rpm in a refrigerated centrifuge model Harrier 18/80 (Sanyo, Moriguchi, Japan). After this step, the supernatant was removed, and the residue was once again extracted following the same procedure. The two collected supernatants were mixed and concentrated in a rotary evaporator, followed by the addition of 1.5 mL acetone and 4.5 mL of 7% methyl-β-cyclodextrin solution. This final extract corresponds to the lipophilic fraction of soybean. The hydrophilic extract was obtained from the residue that remained after the extraction of the lipophilic fraction. Approximately 10.0 mL of an acetone:water:acetic acid solution (70:29.5:0.5, v/v/v) were added to the sample, which was sonicated at 37 °C for 5 min and centrifuged for 15 min at 4,000 rpm. The supernatant was collected in a 25.0 mL volumetric flask, and the remaining residue was submitted to a second extraction. The two collected supernatants were combined in the same flask, which was then brought to volume by the addition of an extracting solution (acetone:water:acetic acid, 70:29.5:0.5, v/v/v).
The total antioxidant capacity (TAC) was determined according to Huang et al. 26 using a PerkinElmer spectrofluorometer model Victor X4 (Waltham, MA, USA). Twenty microliters of extract, appropriately diluted with the same extracting solution, was added to the microplates. For the blank and the calibration curve, 20.0 μL of extracting and Trolox solutions were analyzed, respectively. Two hundred microliters of fluorescein 4.0 nmol L −1 in phosphate buffer (pH = 7) was added.
The microplate was inserted into the spectrofluorometer and heated to 37 °C. Then, 75.0 μL of 17.2 mg mL 
where x is ORAC in μmol g −1 TE, and y is the area under the fluorescence decay curve (AUC) of the sample or standard minus the area under the fluorescence decay curve of the blank. AUC can be calculated by: (7) where f 0 is the initial fluorescence read at 0 min and f n is the fluorescence read at time.
Statistical analysis
All of the statistical analyses were performed using Statistica 8.0 software (StatSoft, Tulsa, OK, USA) and refer to the means of three tests. The PCA was performed after the standardization (mean from values for each variable was subtracted of each variable value and the result was divided by standard deviation of the values for each variable).
Results and Discussion
The mean values of the ash, moisture, crude protein, and total lipids contents are listed in Table 2 27, 28 Such variations may be related to weather conditions, geographical location, soil characteristics, and selected agronomic procedures. 29, 30 Table 3 presents the composition of fatty acids quantified as mg of fatty acid per gram of total lipids (mg FA g −1 TL). Ten fatty acids could be identified and quantified and were classified as SFA, MUFA and PUFA. Palmitic acid (16:0) was present in the greatest quantity among all of the SFA in all samples, followed by stearic acid (18:0). The concentrations of these fatty acids ranged from approximately 112 to 116 and from 40 to 45 mg FA g −1 TL for the 16:0 and 18:0 FA, respectively. Oleic acid (18:1 n-9) was the primary monounsaturated fatty acid in all samples analyzed, ranging from 220-247 mg FA g −1 TL. Studies have shown that the presence of oleic acid in the human diet reduces the blood levels of low-density lipoprotein (LDL), a tumor genesis suppressor, ameliorating inflammatory diseases and reducing blood pressure. 31 Additionally, essential 32 the daily intake of LNA and LA to human body do 1 g of eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA; main purpose of ingesting LNA and LA) through biosynthesis are 1.6 and 1.1 g for men and women, respectively ( Table 3) . The better concentration of DHA and EPA is around 500 mg day −1 . Thus, men have to intake about 10 g and women 7 g of soybean oil, in relation of LNA; and 1.7 and 1 g of soybean oil in relation LA, respectively. Considering the importance of this nutrient (LNA) for human nutrition, several research studies conducted in the area of food technology have evaluated dietary supplementation with this fatty acid for freshwater fish, using vegetable oils as sources of LNA, to promote the incorporation of LNA in fish muscles and to stimulate the biosynthesis of other fatty acids with important nutritional value.
14,31,33 However, LA was the dominant fatty acid of both the PUFA class and the other classes, SFA and MUFA, in all of the samples ( Table 3 ).
The sums of SFA, MUFA, PUFA, n-3, and n-6 fatty acids, and the n-3/n-6 and SFA/PUFA ratios were assessed ( Table 3 ). The sum of polyunsaturated fatty acids was higher than the sum of the others saturated and monounsaturated fatty acids. The sum of n-6 fatty acids was higher than that of n-3, thus, resulting in a small ratio between these two classes (n-3 and n-6). This relationship was also observed by Galão et al. 34 when examining 20 conventional and transgenic soybean varieties grown in various regions. Studies that have assessed the proximate fatty acid profile and the composition of soybean samples from various varieties have also reported similar results. 35 A diet with a n-6/n-3 ratio of 4.0 is associated with a 70% reduction in death caused by coronary artery disease. 36 A reduction in cancerous cells in the rectal region may be observed for a n-6/n-3 ratio of 2.5.
PUFA/SFA ratio is not a suitable measure of the atherogenicity index (AI) or thrombogenicity index (TI) of a diet or of a specific food. 37 PUFA/SFA ratio was inverted in order to a greater AI was associated with a greater amount of atherogenic dietary components. This index was designed with the smaller-chain fatty acids, excluding stearic acid (C18:0) from the SFAs, and with the Values are the mean ± standard deviation of five replicates. MUFA: monounsaturated fatty acids; PUFA: polyunsaturated fatty acids; SFA: saturated fatty acids.
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MFAs included with the PUFAs. To assess the TI index, we also started with the SFA/PUFA ratio, excluding the 14:0, 16:0, and 18:0 fatty acids from the SFAs and including the MUFA and the PUFAs of the n-6 and n-3 series. The TI values ranged from 0.22 to 0.24. The indices assessed in the present study were similar to those of soybean oil (0.14) and olive oil (0.17) included in the reference table proposed for several foods. 37 The Eskimo diet, characterized by a high intake of long-chain n-3 fatty acids from deepand cold-water fish is characterized by a value of 0.28. The AI values were the same for all samples (0.11), except for the sample derived from the third period, T3, which was 0.12. Foods with similar values when compared to the same reference included soybean oil and olive oil (0.07 and 0.14, respectively). Table 4 provides the composition of phytosterols and tocopherols, quantified as mg of the phytochemical per 100 g of soybean (mg 100 g −1 sample). Campesterol, stigmasterol, and β-sitosterol are among the phytosterols that were identified and quantified. The levels of β-sitosterol were the highest of the three in all samples for all of the spraying periods, ranging approximately from 1.700 to 3.646 mg 100 g −1 sample, followed by stigmasterol (from 741.63 to 1606 mg 100 g −1 sample), and lower levels of campesterol, which ranged from 551.89 to 1047.75 mg 100 g −1 sample. A study on the composition of phytosterols in wheat samples reported higher concentrations of stigmasterol than campesterol and β-sitosterol. 37 A study involving Turkish apricot seed oil concluded that β-sitosterol was the main compound of this class, while stigmasterol was present in the lowest content. 38 Therefore, the characteristics of the phytosterol profiles from vegetable oils may differ depending on the matrix evaluated.
As shown in Table 4 , γ-tocopherol and α-tocopherol were also detected and quantified as mg of phytochemical per 100 g of soybean (mg 100 g −1 sample). The levels of α-tocopherol were greater than those of γ-tocopherol in all samples, with values ranging from 194.00 to 488.11 mg 100 g −1 sample. All the values of vitamin E (Vit. E) activity, expressed as the α-tocopherol equivalent in mg 100 g −1 sample, were calculated based on the quantities of Vit. E activity ratios for α-, β-, γ-, and δ-tocopherols of 1.0, 0.5, 0.1, and 0.03 ratios. 39 The sample collected for the fourth spraying period treatment (T4) had the highest α-tocopherol equivalent, followed by T2, T1, T5, T6, and T3. The results ranged from 484.49 to 625.25 α-tocopherol equiv. in mg 100 g −1 sample. TPC contents were assessed in all of the samples (Table 4) and quantified as the gallic acid equivalent (mg L −1 GAE). The results ranged from 81.56 to 121.54 mg L −1 GAE. The T2 and T4 samples, sprayed six and four times, respectively, contained the highest TPC contents, followed by the T1, T6, T5, and T3 samples. Therefore, the extracts were assessed according to these different classes: hydrophilic and lipophilic. For T1, T2, and T3, there is a notable predominance of the lipophilic portion, with values of 58.78, 56.98, and 53.17 μmol Trolox equivalents g −1 sample (μmol TE g −1 sample), respectively. The results for T4, however, were notable with regards to the hydrophilic portion, with a value of 84.76 μmol TE g −1 sample. Figure 2 presents the PCA performed for soybean samples subjected to different numbers of sprayings as related to the antioxidant and omega-3 and omega-6 fatty acid results, including the correlation matrix for the eigenvalues, the PC1 × PC2 scores and the PC1 × PC2 loadings. The number of principal components that is used to explain the variation in the data may be assessed in Figure 2a . Only two components were selected for this purpose, explaining approximately 74% of the total data variance, with 50.22 and 23.85% explained by PC1 and PC2, respectively. Four groups are discernible when examining Figure 2b , the plot of the PC1 × PC2 scores, with the first group consisting of samples derived from the first and second treatment periods (T1 and T2), the second group consisting of treatment T3, the third group consisting T4 and the fourth group composed of T5 and T6. The samples were distributed across positive and negative values on PC1, the principal component responsible for explaining the majority of the data, with T4 in the negative extreme and T3 in the positive extreme. These groups were formed based on direct relationships with the variables examined in the experiment, which were Vit. E, TPC, L-ORAC, H-ORAC, n-6 and n-3 ( Figure 2c ). The variables L-ORAC, positive on PC2; and TPC, negative on PC1; were significant for the formation of group 1, samples T1 and T2. However, the variables n-6 and n-3, which had positive values for two components, were significant for the formation of third group (T3). T3 was placed to the extreme positive side of the figure because of the higher concentration of n-3.
Vit. E and H-ORAC variables, which had negative values, were important for the formation of group 2 (T4). The last group was formed based on L-ORAC variable, because the results for this analysis were smallest when compared with all samples. The moisture, ash, crude protein, and total lipid results were also correlated with a principal component analysis (Figure 3) . In contrast to the previously discussed results (Figure 2a) , only one principal component sufficed to explain approximately 60% of the variation in the data in this analysis. The proximate analysis results for the ash, crude protein, and moisture variables were highly correlated, resulting in similar negative values for PC1 among them, in contrast to the total lipid variable, which is represented on the opposite side of the graph, with positive values for this principal component. Therefore, two groups were formed: group one, consisting of T1, T4, T5 and T6; and group 2, consisting of T2 and T3. The first group was characterized by the similarity among the results recorded for all of the analyses, except the total lipids that had an extreme positive value on PC1. The results for samples T2 and T3 differed from those of the other samples for the same analyses.
Conclusions
The variation in the numbers of spray during the crop development conclusively failed to significantly change the proximate composition of soybean, including the total lipid, moisture, ash, and crude protein levels. However, the content of phenolic compounds and the levels of phytosterols and tocopherols exhibited large variations. From the multivariate statistical analysis, the TPC, L-ORAC, H-ORAC, Vit. E, n-3, and n-6 contents were notable different for T1, T2, T3, and T4. The treatments with no spraying and four sprayings periods are suitable to produce soybeans with the highest levels of TPC and Vit. E. The treatment with six sprayings periods for soybeans was associated with high levels of TPC, Vit. E and omega-6 fatty acids, and the soybeans from the five sprayings period treatment were rich in fatty acids of the n-3 series.
